Noting that two-dimensional magnetohydrodynamics can be modeled by conformal eld theory, we argue that when the Alf'ven e ect is also taken into account one is naturally lead to consider conformal eld theories, which have logarithmic terms in their correlation functions. We discuss the implications of such logarithmic terms in the context of magnetohydrodynamics.
-Introduction
There has been some work on modelling turbulence in two dimensional uids by conformal eld theory (CFT) [1] [2] [3] [4] [5] [6] [7] . Ferretti et al. 6 ] have generalized Polyakov's method 1] to the case of two dimensional magnetohydrodynamics (2D -MHD). We have argued that the existence of a critical dynamical index is equivalent to the Alf'ven e ect 8] i.e. the equipartition of energy between velocity and magnetic modes 7] .
The Alf'ven e ect, reduces the number of candidate conformal eld theories, but also it implies that the velocity stream function and the magnetic ux function should have similar scaling dimensions. Gurarie 9] has argued that although in unitary minimal models two primary elds with the same dimension do not occur , such a situation can occur in nonunitary minimal models and in non minimal CFTs.
In such conformal eld theories, it has been shown 9] that the correlator of two elds, has a logarithmic singularity. This paper is organised as follows; in section two we give a very brief summary in presense of the Alf'ven e ect. In section 3 we discuss the implication of the logarithmic divergence.
2 -The Alf'ven e ect and conformal eld theory. where the vorticity ! = 5 2 and J = 5 2 . The two quantitiesy and are the viscosity and molecular resistivity, respectively. The velocity and magnetic elds are given in terms of and :
B = e @ (5) and e is the totally antisymmetric tensor, with e 12 = 1.
Chandrasekhar 8] has shown that the Alf'ven e ect or the equipartition of energy between velocity and magnetic modes requires V 2 k = B 2 k , with of order unity. In fact he nd that = 1:62647 for 2D -MHD. We 7] have argued that the existence of a critical dynamical index for 2D -MHD, implies the Alf'ven e ect and if the conformal model holds, this implies the equality of scaling dimension of and :
The table of CFT models which are consistent with (6) is given in reference 7]. For example let us take the model (p; q) = (6; 35) and look at the fusion rule for 1;5 and 1;7 , according to 13] 1;5 1;7 = 2;11 + 2;12 + : : :
The eld 2;11 is to be identi ed with , the velocity stream function and 2;12 is identi ed with , the magnetic ux function. Thus we observe that two elds with the same scaling dimension appear on the right hand side of the fusion rule. Thus the criteria of Gurarie 9] are satis ed and these two elds are logarithmically correlated. According to Gurarie 9] , the operator product expansion of two elds A and B, which have two elds and of equal dimension in their fusion rule, has a logarithmic term:
A(z)B(0) = z h ?h A ?h B f (0) + : : : + log z( (0) + : : :)g (8) to see this it is su cient to look at four point function :
< A(z 1 )B(z 2 )A(z 3 )B(z 4 ) > 
In degenerate minimal models F(x) satis es a second order linear di erential equation. Therefore a solution for F(x) can be found in terms of a series expansion :
F(x) = x X a n x n (11) It can be easly shown that the existence of two elds with equal dimension in OPE of A and B is equivalent to the secular equation for having coincident roots, in which case two independent solutions can be constructed according to :
X b n x n + log x X a n x n (12) Now consistency of equation (12) and (8) (15) is consistent with the ndings of Gurarie 14] and Polyakov 16] which shows that the probability distribution of such correlation functions is di erent from the Gibbs distribution since for the Gibbs distribution we should have < (z) (0) >= 0. Let us now consider the action of SL(2; C), on the correlator < (z 1 ) (z 2 ) >. and also L 0 < (z 1 ) (z 2 ) > is itself invariant under the action of SL(2; C). Thus L 0 < (z 1 ) (z 2 ) > behaves like an ordinary CFT correlation function. Thus we may solve the resulting rst order di erential equation for < (z 1 ) (z 2 ) >, which naturally leads to a logarithmic singularity. This result is compatible with the nding in 9] that this type of operator together with ordinary primary operators form the basis of the Jordan cell for the operator Lo. This fact allows us to nd higher-order correlation functions for operator .
3-The Infrared problem and The Energy Spectrum:
The presence of logarithmic terms requies a reconsideration of the infrared problem.
The k-representation of the correlation is;
< (k) (?k) >= jkj ?2?2jh j C 1 + log k] (17) which is divergent in the limit of k ! 0 .
One can set some cut-o in the k-space to remove this divergence :
k ?2?2jh j C + log k]e ik x d 2 k R 2jh j (log R + C 0 ) ? x 2jh j (C 0 + log X) + : : :) (18) where R is the large scale of the system. It seems that it is natural to add some condensate term 1] in momentum space to cancel the infrared divergenc.
The energy spectrum for this type of correlation, is E(k) ' k ?2jh j+1 (C + log k)
which has a logarithmic singularity on the limit of K ! 0.
This spectrum is compatible with the discussion of Ref. 15] where it has been shown that, one loop correction to the energy spectrum gives a logarithmic contribution to the energy spectrum.
